Background
==========

Xeroderma pigmentosum (XP) is an autosomal recessive disease caused by mutations in DNA repair genes \[[@b1-amjcaserep-21-e921301]\]. It has an estimated prevalence of 1 per million in the United States and Europe \[[@b2-amjcaserep-21-e921301]\], 15--20 per million in Saudi Arabia \[[@b3-amjcaserep-21-e921301]\], and 1: 20 000 in Japan \[[@b4-amjcaserep-21-e921301]\].

XP can be classified into 7 complementation groups (XP-A to XP-G plus a variant group called XPV) and the clinical manifestations can be quite variable, not only between groups, but also within a group or even within an individual family \[[@b5-amjcaserep-21-e921301],[@b6-amjcaserep-21-e921301]\]. These clinical manifestations include extreme sensitivity to ultraviolet (UV) rays, freckle-like pigmentation, ocular abnormalities, and a greater than 10 000-fold increased risk of developing neoplasms in sun-exposed areas of the skin, mucous membranes, and eyes \[[@b1-amjcaserep-21-e921301],[@b5-amjcaserep-21-e921301]\]. According to previous reports in the literature, XP-C is the most common form of XP reported in the Arabian gulf region \[[@b3-amjcaserep-21-e921301]\].

There is a growing body of evidence on the effectiveness of using interferon alpha 2b (IFN-α-2b) and mitomycin C (MMC) as primary or adjuvant medical treatment of ocular surface squamous neoplasia (OSSN) \[[@b7-amjcaserep-21-e921301],[@b8-amjcaserep-21-e921301]\]. The combination of topical MMC and IFN-α-2b is currently considered an effective treatment approach for OSSN in XP patients and avoids the need for surgical intervention \[[@b9-amjcaserep-21-e921301]--[@b11-amjcaserep-21-e921301]\]. The effectiveness of pegylated interferon alpha 2b (PEG-IFN-α-2b) has previously been reported in a pilot study, concluding that it is a viable medical alternative for the treatment of OSSN \[[@b12-amjcaserep-21-e921301]\]. Nonetheless, we were unable to find any randomized control trials comparing the clinical outcome of pegylated and non-pegylated IFN-α-2b. In this paper, we report a series of 3 patients with XP and histopathologically-proven biopsy specimens of OSSN that were seen at the Ophthalmology Department in King Faisal Specialist Hospital & Research Center (KFSH&RC) and treated with subconjunctival injections of PEG-IFN-α-2b (1 million IU/mL) at the site of the lesion with topical cycles of MMC 0.02% eye drops. All patients were monitored every 2 weeks with external eyelids, regular slit lamp, and dilated fundus examinations. To the best of our knowledge, this is the first report in the English literature to present the clinical outcome of peg-IFN a2b and MMC for the treatment of OSSN in patients with XP.

Case Reports
============

Case 1
------

A 29-year-old Saudi woman with XP-C presented with an ocular lesion on the left eye. Her past medical history was significant for nodular goiter and diabetes mellitus. On ocular examination, the left eye had a vascularized lesion on the corneal surface with pink irregular masses extending to the surrounding conjunctiva close to (but not reaching) the superior-medial conjunctival fornix with a 360-degree limbal tumor growth ([Figure 1B](#f1-amjcaserep-21-e921301){ref-type="fig"}). Her visual acuity was 20/70 in the right eye and only light perception in the left eye.

The histopathology results showed squamous cell carcinoma (SCC) and she was started on subconjunctival PEG-IFN-α-2b injections (3 million IU/0.5 mL) alone every 2 weeks for 2 months. At 8-week follow-up, the tumor was found to be smaller in size but did not resolve completely, as she tended to miss her follow-up appointments.

Then, she was lost to follow-up for 4 months while recovering from a uterine surgery, and presented with a 3-mm recurrent corneal tumor in the left eye, with a high-grade squamous cell dysplasia. She was started on a combination of subconjunctival PEG-IFN-α-2b injections (3 million IU/0.5 mL) every 4 weeks with intervening topical chemotherapy MMC 0.02% formulated eye drops cycles.

She received a total of 11 subconjunctival PEG-IFN-α-2b injections and 19 cycles of topical chemotherapy with MMC 0.02% formulated eye drops for 2 years. The only adverse effect reported by this patient was flu-like symptom with mild fever and generalized malaise, which resolved after a single dose of acetaminophen 650 mg. This patient did not develop transient mental depression as an adverse effect.

On follow-up, her tumors gradually reduced in size and became undetectable ([Figure 1C](#f1-amjcaserep-21-e921301){ref-type="fig"}). At 18 months of treatment, the patient was clinically free of tumors. Biopsies taken at month 18 and month 23 of treatment were also negative for any malignancy. However, her cornea remains opaque from the severe fibrosis ([Figure 1C](#f1-amjcaserep-21-e921301){ref-type="fig"} compared to the baseline in [Figure 1A](#f1-amjcaserep-21-e921301){ref-type="fig"}) and the visual acuity mildly improved: 20/50 in the right eye (OD) and brisk hand motion at half a meter in the left eye (OS). Moreover, the patient was following up with the Dermatology clinic for skin surface tumors, which were treated as recurrent basal cell carcinoma (BCC) on the face and hands. The patient was informed about the proper use of sun blockers and the importance of covering sun-exposed areas. She was also covering her arms and face (including the eyes) using the Saudi traditional dress for women as a UV-protective measure.

Case 2
------

A 25-year-old Saudi woman with XP-C presented with multiple OSSN in both eyes. On ocular examination, her visual acuity was 20/30 OD and 20/30 OS. The IOP was 21 mmHg in both eyes (OU). In the right eye, the lateral third of the lower eyelid had a full-thickness BCC extending to the right lateral canthus, and the ocular surface had a lateral palpebral conjunctival lesion. Also, in the right eye, the corneal limbus was involved at 360 degrees by an irregular hazy strip of abnormal growth. The strip thickens at 05: 00 position into a tumor mass with whitish color ([Figure 2A](#f2-amjcaserep-21-e921301){ref-type="fig"}). In the left eye, the cornea had limbal 360-degree involvement with an irregular hazy white limbal growth, which was identified as fibrosis, with no malignant cells on biopsy ([Figure 2C](#f2-amjcaserep-21-e921301){ref-type="fig"}). Both eyes had melanocytic conjunctival areas with atypia. Irises of both eyes had dark-colored nevi. The fundus exam showed pigmentary retinal degeneration in the right eye only.

As the histopathology showed BCC, this patient underwent surgical excision and removal of the lesion followed by adjuvant bilateral subconjunctival PEG-IFN-α-2b injection (3 million IU/0.5 mL) in each eye. Injections were given 9 times, 2 weeks apart over 14 months, with an intervening 15 cycles of MMC 0.02% (0.2 mg/ml) formulated eye drops, for the squamous dysplasia and the ocular melanosis with atypia.

Bilateral subconjunctival PEG-IFN-α-2b injection (3 million IU/0.5 mL) in each eye was given for a total of 21 months from June 2015 until March 2017. At her last visit, the patient continued to show significant improvement and remained free from any recurring OSSN ([Figure 2B, 2D](#f2-amjcaserep-21-e921301){ref-type="fig"}).

Adverse effects encountered during treatment included transient mental depression and flu-like symptoms with mild fever and generalized malaise that resolved after a single dose of acetaminophen 650 mg. No intervention was needed for the transient mental depression. Also, this patient developed leukopenia soon after the second injection and autoimmune diabetes mellitus at around the 10th injection. She was started on intensive insulin therapy with close monitoring of her blood glucose levels, and needed insulin therapy after the discontinuation of subconjunctival PEG-IFN-α-2b injection. Moreover, the patient was following up with the Dermatology Department for resection of nodular melanoma tumors on the scalp. The patient was informed about the proper use of sun blockers and the importance of covering sun-exposed areas. She was also covering her arms and face (including the eyes) using the Saudi traditional dress for women as a UV-protective measure.

Case 3
------

A 24-year-old Saudi man with XP-C (and a positive family history of XP) presented with ocular surface melanosis, congested conjunctival areas, and irregular vascularization.

On examination, the right lateral canthus had scars from a previous surgical excision of a tumor. Conjunctival map biopsies showed residual right eye focal squamous cell carcinoma *in situ* (SCC *in situ*) at 03: 00 limbal and a focal epithelial dysplasia at the 07: 00 limbal area ([Figure 3A](#f3-amjcaserep-21-e921301){ref-type="fig"}). The left eye showed a focal epithelial dysplasia at 04: 00 limbal conjunctiva ([Figure 3C](#f3-amjcaserep-21-e921301){ref-type="fig"}). The patient was prescribed 2 cycles of MMC 0.02% formulated eye drops.

Four years later, he presented to the clinic with a conjunctival mass on the left eye. An excisional biopsy was sent to Pathology and showed high-grade squamous dysplastic changes of 0.5×0.5×0.3 cm. His visual acuity was 20/40 in the right eye and 20/30 in the left eye. Both eyes had an IOP of 21 mmHg.

He was started on subconjunctival PEG-IFN-α-2b injection of (3 million IU/0.5 mL) and received a total of 4 injections given 2--4 weeks apart. He remained stable, with no new lesions at 18 months of treatment ([Figure 3B, 3D](#f3-amjcaserep-21-e921301){ref-type="fig"}). The only adverse effect reported by the patient was transient mental depression, which did not require any intervention, and flu-like symptoms with mild fever and generalized malaise, which resolved after a single dose of acetaminophen 650 mg. The patient was following up with the Dermatology clinic and underwent chemical peeling and surgical excision of multiple facial basal cell carcinomas. He was informed about the proper use of sun blockers and the importance of covering sun-exposed areas. He was using sunglasses to protect his eyes from UV exposure while outdoors, and his arms and scalp were covered with the traditional dress of Saudi Arabia.

Discussion
==========

All patients presented with XP -- group C, which is the most common group of XP in the Arabian Gulf region \[[@b3-amjcaserep-21-e921301]\]. About 40% of patients with XP develop ocular abnormalities caused by UV-induced DNA alteration to epithelial cells of the conjunctiva, the cornea, and the eyelid \[[@b3-amjcaserep-21-e921301]\]. Continuous sunlight exposure can result in photophobia associated with prominent conjunctival injection, and severe keratitis, leading to vascularization and corneal opacification, hyperpigmentation of the eyelids, and loss of lashes \[[@b13-amjcaserep-21-e921301]\].

Complete surgical excision with visible clear margins and intra-operative cryotherapy is considered the traditional treatment of OSSN \[[@b11-amjcaserep-21-e921301]\]. Nonetheless, extensive surgical excision is associated with stem cell deficiency, which can be prevented by the use of medical therapy, as it also has the theoretical advantage of treating the entire ocular surface \[[@b12-amjcaserep-21-e921301]\].

Complete control in 95% of cases can be achieved using interferon alpha 2b (IFN-α-2b) drops, alone or with intralesional injections, when given as a standalone treatment or appropriately combined with surgical excision \[[@b14-amjcaserep-21-e921301]\]. The drops are reserved for cases that only involve the cornea, while intralesional injections are used for cases that involve both the cornea and conjunctiva. The exact mechanism of IFN-α-2b in the treatment of OSSN remains unclear, but it was proven to be an efficient and cost-effective treatment modality among Asian Indian patients \[[@b15-amjcaserep-21-e921301]\]. Also, IFN-α-2b and topical MMC were found to be effective in the management of OSSN and ocular melanosis with atypia \[[@b16-amjcaserep-21-e921301]\].

Since the development of new treatments for hepatitis C, the use and importation of IFN-α-2b injections and eye drops have progressively declined in our hospital. Thus, we had to rely on the use of PEG-IFN-α-2b injections instead, and it became a viable alternative to IFN-α-2b due to its longer half-life, which provided a longer interval between injections, and improved compliance \[[@b17-amjcaserep-21-e921301]\].

We found that the combination of PEG-IFN-α-2b subconjunctival injection every 4 weeks with intervening topical cycles of MMC formulated eye drops is a practical approach to treating OSSN, especially for patients who do not keep follow-up appointments or are unwilling to undergo biweekly injections. The use of MMC 0.02% formulated eye drops was tolerated for prolonged cycles of treatment up to 10 weeks along with lubricant drops.

The main adverse effect observed with subconjunctival injections of PEG-IFN-α-2b in all 3 patients was flu-like symptoms with mild fever and generalized malaise, which resolved within 1 day of treatment with acetaminophen 650 mg, q6 hours. Only 1 of the patients (Case 2) developed leukopenia and auto-immune diabetes mellitus, which required insulin therapy after discontinuation of the PEG-IFN-α-2b. These complications may have developed due to the long-term use of PEG-IFN-α-2b, but we do not have sufficient data to support causation in this patient. Nonetheless, previous studies have shown an association between type-1 diabetes mellitus and PEG-IFN-α-2b in the treatment of hepatitis C, so it would be advisable to consider the possibility of onset of type 1 diabetes mellitus in patients receiving PEG-IFN-α-2b therapy \[[@b18-amjcaserep-21-e921301]\].

These 3 cases were referred from the Dermatology Department for ocular evaluation, and they were concurrently evaluated by the Dermatology and Ophthalmology Departments. XP can be associated with multiple neurologic findings such as reduced cognition and hearing defects. However, as our patients did not present with a history of neurological involvement, the Neurology Department was not involved in the care of these patients. Moreover, we also found that PEG-IFN-α-2b treatment was associated with transient mental depression, and multiple studies in the literature have reported that pegylated IFN-α used in the treatment of hepatitis C can induce major depression, and it can do so even in patients without a history of major depression disorders. Moreover, prophylactic therapy can be considered for euthymic patients, as it can trigger a distinct condition of worsening hostility \[[@b19-amjcaserep-21-e921301]\]. All 3 cases underwent psychiatric evaluation before administering the treatment, and they were cleared for therapy. Further psychiatric evaluation was provided to the 2 patients who reported transient mental depression after onset of therapy. This highlights the need for developing an integrated and holistic approach to patient care in the Ophthalmology clinic to provide these patients with education, social support, and psychological evaluation before and after therapy.

Finally, XP is more common in populations with a high prevalence of consanguineous marriages \[[@b13-amjcaserep-21-e921301]\]. Thus, genetic counseling may be indicated in the management of our patients, as all 3 cases had a strong family history of XP and consanguineous marriages. Early diagnosis and intervention are vital to keep the development of cutaneous cancers to a minimum, as the rapid progression of these tumors, particularly in the cornea and limbus, can cause blindness. The use of subconjunctival injections of PEG-IFN-α-2b and the topical cycles of MMC showed positive outcomes in our patients. However, MMC produces a variety of adducts with DNA, including inter-strand cross-links (ICLs) and xeroderma pigmentosum (XP) proteins, including XPG, XPE, and XPF. Moreover, there are multiple studies in the literature linking MMC with various types of DNA damage that cause significant cytotoxicity to cells. Therefore, as XP patients already have defective DNA repair, the long-term use of MMC may not be feasible, and follow-up of the patients may be warranted for a few years after therapy to monitor for recurrences \[[@b20-amjcaserep-21-e921301],[@b21-amjcaserep-21-e921301]\]. Thus, there is a need for the development of PEG-IFN-α-2b eye drops, as XP patients can require lifelong monitoring and treatment to prevent recurrences or formation of new OSSN \[[@b11-amjcaserep-21-e921301]\].

Conclusions
===========

The literature on the specifics of ocular care using PEG-IFN-α-2b for XP-associated OSSN is sparse. However, according to our patient experience, the combination of PEG-IFN-α-2b subconjunctival injection and the topical cycles of MMC is a promising long-term medical therapy to prevent development and recurrence of OSSN in XP patients.
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![Three images of the left eye from Case 1, taken 3 years apart. (**A**) Baseline before current presentation. (**B**) Left eye at time of presentation, showing vascularized lesion on the corneal surface with pink irregular masses extending to the surrounding conjunctiva. (**C**) Taken at 18 months of treatment, showing opaque cornea with severe fibrosis and no active lesions.](amjcaserep-21-e921301-g001){#f1-amjcaserep-21-e921301}

![Four images from Case 2 taken 2 years apart. (**A**) Right eye before treatment with basal cell carcinoma involving the lateral third of the lower eyelid and extending to the right lateral canthus. (**B**) Right eye after surgical excision and 21 months of therapy. (**C**) Left eye before treatment, showing the cornea with the limbal 360-degree involvement by an irregular hazy white growth which was identified as fibrosis with no malignant cells on biopsy. (**D**) Left eye after surgical excision and 21 months of therapy.](amjcaserep-21-e921301-g002){#f2-amjcaserep-21-e921301}

![Four images of Case 3 taken 2 years apart. (**A**) Post-surgical excision on the right eye, showing focal squamous cell carcinomas *in situ* at 03: 00 limbal area. (**B**) Right eye after 18 months of therapy. (**C**) Post-surgical excision on left eye showing focal epithelial dysplasia at limbal conjunctiva with irregular vascularization. (**D**) Left eye after 18 months of therapy.](amjcaserep-21-e921301-g003){#f3-amjcaserep-21-e921301}
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